e aim of this study was to assess the biological effect of organically coated Grias neuberthii (piton) fruit and Persea americana (avocado) leaves nanoparticles (NPs) on cervical cancer (HeLa) and breast adenocarcinoma (MCF-7) cells with an emphasis on gene expression (p53 transcription factor and glutathione-S-transferase GST) and cell viability. UV-Vis spectroscopy analysis showed that synthesized AgNPs remained partially stable under cell culture conditions. HeLa cells remained viable when exposed to piton and avocado AgNPs. A statistically significant, dose-dependent cytotoxic response to both AgNPs was found on the breast cancer (MCF-7) cell line at concentrations above 50 µM. While expression levels of transcription factor p53 showed downregulation in treated MCF-7 and HeLa cells, GST expression was not affected in both cell lines treated. Cell viability assays along with gene expression levels in treated MCF-7 cells support a cancer cell population undergoing cell cycle arrest. e selective toxicity of biosynthesized piton/avocado AgNPs on MCF-7 cells might be of value for novel therapeutics.
Introduction
Breast and cervical cancers are the most common malignancies among females in low-and middle-income countries (LMICs). e two malignancies are associated with high mortality rates and represent a considerable burden for public health systems [1] . Currently available cancer therapeutics, such as chemotherapy and radiotherapy, exhibit limitations that must be overcome to improve their efficacy and patient's life expectancy. Since cancer is a world health problem, emerging drug preparations that can pass through tumor barriers and enhance anticancer drug delivery are potentially useful [2] . In this context, a lot of research has been done to synthesize new classes of materials, including those at nanoscale, and test their anticancer properties and/or their application in cancer early detection approaches [3, 4] . Silver nanoparticles (AgNPs) are widely applied in cancer research due to their potent in vitro antitumor effects on cancer cell lines including breast and cervical cancer models [5, 6] . e cytotoxic response that a nanoparticle could trigger in cells depends not only on its physical and chemical characteristics [3] , but also, since different cell lines do not respond identically to stimuli with the same nanoparticles, on the cell type [7] . e synthesis of AgNPs through different physical, chemical, and biological methods and with well-defined parameters of size and shape has been reported by several authors [8] . Recent studies suggest that biosynthetic approaches for AgNPs fabrication may improve some limitations found with commonly used physical and chemical methods, namely, high-energy consumption, negative environmental impact, and significant production costs [3, 8] . Plant extracts are commonly used as reducing and stabilizing agents for the biosynthesis of AgNPs. e cytotoxic and antiproliferative effects of plant-based AgNPs against different cancer cell models have been extensively investigated [9] . A study using green synthesis with traditional plants is the one performed by Barua et al., where uja occidentalis leaf extract was used to synthesize AgNPs that displayed anticancer properties against MCF-7, MDA-MB-231, KB, and HeLa cell lines. NPs also showed antibacterial properties against Bacillus subtilis, Staphylococcus aureus, Listeria monocytogenes, Salmonella typhimurium, and Pseudomonas aeruginosa [29] .
An interesting finding has been an upregulation of proapoptotic genes following AgNPs exposure [10] [11] [12] . A recent study found that AgNPs may induce cell death through the p53 apoptotic pathway in a time-and dosedependent manner [13, 14] . e tumor suppressor p53 gene induces cell cycle arrest and triggers apoptosis initiation in cells with extensive DNA damage. In some types of cancer, however, p53 inactivation functions as a drug-resistance mechanism [15] . us, in vitro expression studies of p53 are important to evaluate AgNPs cytotoxicity.
Oxidative stress is another harmful effect of AgNPs. In response to high rates of reactive oxygen species (ROS), oxidative stress-related genes (catalase, mu class of glutathione-S-transferase) are reported to be overexpressed [16] .
e last one, glutathione-S-transferase (GST), is an antioxidant defense enzyme that catalyzes the coupling of reduced glutathione to a variety of damaging compounds to activate cellular outflow of these contaminants [17] .
P. americana (avocado) is a member of the Lauraceae family, which has been used in herbal medicine in Central and South America due to its pharmacological properties [18, 19] . It is well known that avocado could exert antioxidant, anti-inflammatory, and other beneficial effects [19] . e avocado pulp, seeds, and leaves contain lipophilic phytochemicals [20] and phenolic compounds [21] . Anitha and Sakthivel have reported the biosynthesis of AgNPs using aqueous leaf extract of avocado as reducing agent and demonstrated an anti-inflammatory effect on red blood cells [22] . Another study showed that biosynthesized AgNPs from avocado showed strong antimicrobial effect against gram-positive and gram-negative bacteria [23] .
G. neuberthii (Sachamango, piton) is a medicinal tree, belonging to the Lecythidaceae family, that grows in the Amazon regions of Peru, Brazil, and Ecuador [24] [25] [26] . Traditional medicine in local indigenous communities uses piton properties for treatment of several pathological conditions including sinusitis, uterine bleeding, diarrhea, constipation, among others [27] . Recently, Vásquez-Ocmín and coworkers demonstrated that a G. neuberthii bark extract had antiparasitic activity in vitro [28] . e application, however, of G. neuberthii extract in the synthesis of AgNPs has not been reported yet. e present study aimed at evaluating the effects of two types of biosynthesized AgNPs using G. neuberthii fruit and P. americana leaf extracts (as stabilizing and reducing agents) on breast (MCF-7) and cervical (HeLa) cancer cell lines. NPs' cytotoxicity was assessed using an MTT colorimetric assay. e study also assessed the AgNPs modulation properties in two metabolic pathways: apoptosis and oxidative stress. For this purpose, gene expression assays were used for relative quantification of the expression of p53 and GST genes. 
Materials and Methods

Silver Nanoparticles (AgNPs
Cell
Culture. MCF-7 (human breast adenocarcinoma) and HeLa cell (cervix adenocarcinoma) lines were kindly provided by Dr. Javier Camacho, CINVESTAV-IPN, Mexico. e cell lines were cultivated in Dulbecco's Modified Eagle's Medium/Nutrient Mixture F-12 (DMEM/F-12) (Gibco), supplemented with 10% fetal bovine serum (FBS) (Gibco), and 1% penicillin-streptomycin (Gibco). Additionally, 1% sodium pyruvate (Gibco) was added to HeLa cell medium. Cell cultures were maintained at 37°C and 5% CO 2 in a humidified atmosphere. Subcultures were obtained when cells reached 85-90% confluence. Cells were washed three consecutive times with phosphate-buffered saline (PBS) (Gibco) and then detached with trypsin-EDTA 0.25% solution (Gibco). Cellular suspensions were centrifuged at 1000 rpm at 22°C for 10 minutes. Pellets were resuspended in medium, and cells were counted on Neubauer chambers with an inverted microscope (MICROS Austria MCX-1600, Austria). Cells were seeded on 6-well plates or 60 mm × 15 mm Petri dishes at specific densities.
Nanoparticles' Stability under Cell Culture Conditions.
Prior to in vitro biological testing, the stability of the two types of biosynthesized AgNPs (G. neuberthii and P. americana) under cell culture conditions was assessed by UV-visible spectroscopy (Analytik Jena SPECORD S 600, Germany). Stock AgNPs preparations (1 mM) were diluted in complete culture medium and distilled water. AgNPs solutions were placed in 60 mm × 15 mm Petri dishes and incubated at 37°C and 5% CO2 for 0, 24, and 48 hours. An additional control was included to evaluate the influence of cellular debris. For this control, MCF-7-HeLa cell lines were grown for 24 hours and then exposed to NPs. e supernatant was later collected to determine the presence of agglomeration. For noncontrols, MCF-7 and HeLa cell lines were seeded (1.5 × 10 5 cells) and maintained for 24 hours, followed by exposure to different AgNPs concentration and incubation times. Finally, UVvisible absorption spectra were measured at 350-800 nm. For the MTT assay, supernatants were removed, and 100 µL of Dulbecco's Modified Eagle's Medium (DMEM) without red phenol was placed in each well. A 12 mM MTT stock solution was prepared by adding 1 mL of sterile PBS. Next, 10 µL of this stock was added to each well. Cells were then incubated protected from light for 4 hours, followed by addition of 100 µL of SDS-HCl and homogenization and another 4-hour incubation, in order to dissolve intracellular formazan products. Finally, absorbance was measured at 570 nm using a microplate reader (Perlong, Beijing). Cell viability was calculated as the ratio of the mean absorbance obtained for the treatment wells to the mean absorbance of the control wells (untreated cells) as follows:
MTT Assay for
cell viability(%) � mean absorbance of treatment mean absorbance of control × 100%.
(1)
Quantitative Real-Time PCR Analysis. MCF-7 and
HeLa cells were seeded into 6-well plates at a cell density of 1.5 × 10 5 per well. After a 24-hour culture period, cells were exposed to different concentrations of AgNPs for 48 hours. Tested AgNPs concentrations were 0, 40, 80, and 160 µM for the MCF-7 cell line, and 0, 25, 50, and 100 µM for the HeLa cell line. After 48 hours of exposure to either piton or avocado AgNPs, cells were collected and diluted in 200 µL PBS.
Total RNA was then extracted using PureLink ® RNA Mini Kit (Ambion) and purified with TURBO DNA-free ™ Kit (Ambion) in order to remove contaminant genomic DNA. Purified RNA was quantified with a NanoDrop 2000 spectrophotometer ( ermo Scientific) and also separated by electrophoresis in an agarose gel (1%) with 1X Tris-borate-EDTA buffer (TBE) at 100 V and 300 mA for 55 minutes to check for integrity.
Purified RNAs were used in one-step qRT-PCR assays on a LightCycler ® Nano Instrument (Roche Diagnostics), with
TaqMan probes chemistry to determine relative quantification of p53 and GST genes in MCF-7 and HeLa cell lines. Primers and probes used in the present study are listed in Table 1 . TaqMan probes (Invitrogen) were end-labeled with the fluorophore 6-carboxyfluorescein (6-FAM) and the quencher tetramethylrhodamine (TAMRA) at 5' and 3', respectively. Each PCR mix included 1X TaqMan ® RT-PCR Mix, 0.5 µM of forward primer, 0.5 µM of reverse primer, 0.15 µM of TaqMan probe, 1X TaqMan RT Enzyme Mix, DEPC-treated water (Invitrogen), and 20 ng RNA template in a total volume of 10 μl. e qRT-PCR thermocyling program was as follows: cDNA synthesis at 48°C for 15 min, followed by a polymerase activation step at 95°C for 10 minutes.
en, 40 cycles of thermal amplification were carried out at 95°C for 15 s (denaturation), 50°C or 56°C for 15 s (for primer annealing of ACTB and GST genes, resp.), and a last step of 45 s at 60°C (extension). For p53 gene amplification, annealing and extension were performed in a single step at 61°C for 60 s. For PCR efficiency and correlation coefficient (R 2 ) calculations, 10-fold RNA dilutions were used. A semilogarithmic graph was constructed with Ct values plotted on the X-axis and log values of the RNA concentration, on the Y-axis. qRT-PCR efficiencies were calculated according to the following equation:
p53 and GST expression levels were normalized with actin beta gene (housekeeping gene) expression levels according to the methodology developed by Pfaffl (2001) [30] . RNA expression levels from untreated cells were used as calibrators to calculate the relative expression ratios.
Statistical Analysis.
Six replicates of each treatment were done for cytotoxicity experiments. For gene expression qRT-PCR, experiments were performed in triplicate. Data are presented as the mean ± standard deviation (SD). e Kruskal-Wallis, Dunn's, and Tukey's multiple comparison tests were performed to determine any significant difference between controls and treatments. A p value <0.05 was set for statistical significance.
Results
AgNPs Stability. Stability of biosynthesized G. neuberthii
AgNPs and P. americana AgNPs in biological medium and distilled water was evaluated by UV-visible spectroscopy for 3 incubation times under standard conditions of 37°C and 5% CO 2 in a humidified atmosphere (see supplementary data (available here)). Results showed that absorbance values were higher when AgNPs were diluted in culture medium in comparison with AgNPs diluted in distilled water. UV-Vis spectra of all samples showed a broad peak at the maximum absorption wavelength between 400 and 420 nm due to the surface plasmon resonance (SPR) band of spherical AgNPs.
AgNPs diluted in DMEM/F12 medium showed a second peak between 550 and 560 nm. e absorption spectra of AgNPs incubated with HeLa and MCF-7 cell lines did not present any other modification. Incubation at 37°C and 5% CO 2 for 24 and 48 hours did not produce any significant change in the UV-visible spectra as compared to 0 hours of incubation.
Cell Viability of HeLa and MCF-7 Cell Lines Exposed to Piton and Avocado AgNPs.
e MTT colorimetric assay was used to assess the in vitro cytotoxic effect of the two types of AgNPs on MCF-7 and HeLa cancer cell lines. Absorbance data were transformed to cell viability rates using (1). Untreated cells without exposure to AgNPs (control) represented 100% of cell viability. Results showed that MCF-7 cell viability rates decreased when piton and avocado AgNPs concentration increased. In comparison with the control, this dose-dependent cytotoxicity was statistically significant at the concentration of 50 µM (p � 0.0203) and 80 µM (p � 0.0003) for piton AgNPs, showing a cell viability decrease of approximately 16% and 25%, respectively (Figure 1(a) ). e effect of avocado AgNPs on MCF-7 cell line was significant at 50 µM (p � 0.0097) and 80 µM (p < 0.0001) causing a decrease of 19% and 27% in cell viability, respectively (Figure 1(b) ). Tukey's multiple comparison tests were used to determine which treatments were different from each other. e viability means of 1 µM and 80 µM treatments for both types of AgNPs showed a p-value of 0.0249 for piton AgNPs and 0.0371 for avocado AgNPs. Figures 2(a) and 2(b) show that the confidence intervals (95% confidence level) for the difference between the means of 1 µM and 80 µM do not contain zero. Consequently, a statistically significant difference for these means is supported. Conversely, HeLa cells treated with piton and avocado AgNPs in concentrations up to 50 µM did not show a statistically significant cytotoxic response (p > 0.05). e viability of treated HeLa cells remained similar to nonexposure control (Figures 1(c) and 1(d) ), and no relevant differences were obtained with Tukey's multiple comparison tests and confidence intervals (data not shown).
Relative Quantification of GST and p53
Genes. GST and p53 genes are important in mounting cellular defense responses against harmful stimuli causing, for instance, DNA damage [34, 35] . We conducted GST and p53 relative mRNA expression analysis by qRT-PCR from RNA extracted from MCF-7 and HeLa cells exposed to G. neuberthii and P. americana AgNPs. Cells were treated with various concentrations of NPs (0, 40, 80, and 160 µM for MCF-7 cell line, and 0, 25, 50, and 100 µM for HeLa cell line) for 48 h, then RNAs were isolated, and qRT-PCR assays were conducted as described in Methods. Exposure of MCF-7 cells to 40 µM of G. neuberthii and P. americana AgNPs resulted in a statistically significant downregulation of p53 with relative expression levels of 0.527 (p � 0.0499) and 0.560 (p � 0.0499), respectively (Figure 3(a) ). In HeLa cells, G. neuberthii AgNPs at 100 µM and P. americana AgNPs at 25 µM also decreased p53 expression (to a relative expression of 0.331, p � 0.0499 and 0.234, p � 0.0062, resp.) (Figure 3(b) ). For both cell lines, GST gene expression was not significantly affected by AgNPs treatment at any tested concentration (Figures 3(a) and 3(b) ). Although we found some AgNPs treatments to slightly higher GST expression levels, these results were not statistically relevant.
Discussion
ere is a considerable amount of literature on naked silver nanoparticles that show their antimicrobial [23] , antiinflammatory [22] , anticancer, antiangiogenic [38] , antiviral [39] [40] [41] , and antiproliferative [42] properties. However, toxicity evaluation of silver NPs in mammalian cells has shown adverse effects [43] . Several in vitro assays have reported that Zn and Fe nanoparticles induce oxidative stress, DNA damage, and apoptosis in human hepatoma cells, hepatocytes, and lymphocytes [44] . In vivo experiments on Crl:CD(SD)IGS BR 344 rats showed pulmonary inammation and cytotoxicity following exposure to singlewall carbon nanotubes [45] .
When studying organically coated nanoparticles (OCNPs), it is important to understand their chemistry, dissolution rate, surface properties, and determine their physical properties to evaluate their in vivo and in vitro e ects. For instance, OC-AgNPs interact with aqueous solutions and form Ag+ which leads to membrane and subcellular components damage [46] . However, it is essential to evaluate all the di erent coatings in order to explore new applications.
To the best of our knowledge, the present study is the rst one that evaluates both P. americana and G. neuberthiicoated AgNPs biological in vitro e ects on MCF-7 and HeLa cells. After bio-synthesized AgNPs physical characterization, stability under culture conditions was assessed using UV-Vis absorption spectrometry which provided information on the structural conformation of organic or inorganic elements in eluted solutions [47] . e principle of localized surface plasmon resonance (LSPR) states that when light interacts with conductive nanoparticles (i.e., AgNPs) which are smaller than the incident wavelength, the resultant electric eld excites electrons and generates plasmon oscillations which are dependent on the composition, size, geometry, dielectric environment, and separation distance of NPs [48] . UV-Vis analysis of spectra of organically coated nanoparticles suspended in DI water for HeLa in our study did not show an absorbance peak due to the fact that it was highly diluted, whereas for MCF-7, a small peak was present at 400-420 nm. Stability assays on complete medium showed the presence of the previously described peak and a second one between 550 and 560 nm. Since AgNPs absorbance is in the range of 390-430 nm [49, 50] , our results con rm the presence of nanoparticles. However, synthesized NPs lacked uniformity, suggesting that the obtained NPs have di erent shapes, sizes [49] , and were not completely monodispersed (agglomeration) [51] . e second peak clearly corresponded to DMEM, which absorbs at wavelengths from 440 to 560 nm depending on the solution's pH [52] . Although this peak corresponds to the growth medium, a related point to consider is the presence of diverse amino acids, growth factors, and FBS that might also contribute to cause AgNPs aggregation [53] . An important point to note is that HeLa cells showed a reduced cellular uptake in comparison with MCF-7 cells. Biosynthesized AgNPs in our study became aggregated, but endocytosis depends not only on aggregation status but also on multiple factors such as size, charge, surface coating, interactions with the culture media, and cell-speci c uptake properties [54] .
Gliga and collaborators studied the importance of agglomeration in the cellular uptake of coated AgNPs, concluding that the primary particle size is the most important factor that contributes to Ag+ release and subsequently cellular toxicity [55] . For instance, hydrophobically modi ed glycol CS (HGCS) nanoparticles were evaluated on HeLa cells where most of them were internalized by the nondestructive mechanism of micropinocytosis (used for agglomerated NPs) instead of the clathrin-mediated endocytosis route. ese internalization pathways exhibit diverse intracellular behaviors and trigger di erent levels of cytotoxicity, including inhibition of lysosome degradation [56] .
Cytotoxicity MTT assays showed a dose-dependent toxicity in the MCF-7 cell line with a statistically signicant reduction in cell viability at concentrations of 50 µM and 80 µM for both nanoparticles. e cytotoxic e ect found in the present study is in agreement with ndings from other studies. For instance, green biosynthesized AgNPs (Tanacetum vulgare, phycocyanin) can exert a lethal e ect on MCF-7 cells [57, 58] . Further analysis from Figure 1 (a) (G. neuberthii) and Figure 1 (b) (P. americana) in MCF-7 cells indicates a reduction of viability of up to 25% and 27%, respectively. However, high toxicity levels (above 50%) have been previously reported by Gurunathan et al. [59] using biologically synthesized AgNPs on the same cell line with toxicity being mediated via micropinocytosis and clathrindependent endocytosis [60] . However, the morphology, size, and surface chemical groups of nanoparticles a ect the above mechanisms [61] and our bio-AgNPs lacked monodispersity. According to El-Naggar et al. [58] , AgNPs action mechanisms involve the release of silver cations and further interaction with biomolecules such as DNA and proteins, a ecting cell membrane integrity, lactate dehydrogenase (LDH) levels and mitochondrial permeability and leading nally to oxidative stress and apoptosis. In contrast, HeLa cells MTT viability assessments (Figures 1(c) and 1(d) ) suggest that non-monodispersed nanoparticles interfered with Ag + ion release. Furthermore, the agglomeration/aggregation state of AgNPs inuences cellular uptake depending mainly on cell types and their properties, as being reported by Lanko et al. [62] whose results are similar to ours. To sum up, HeLa cells exhibited a reduced uptake in the presence of agglomerated AgNPs, conversely to MCF-7 cells, which showed a higher uptake rate for this type of NPs.
An interesting aspect to address is the interaction among AgNPs coating with cell membranes which are negatively charged in mammalian cells at pH 7. Electric variations of this layer a ect the transport of substrates, as reported by Dobrzyńska et al., who described electrical membrane variations of MCF-7 cells according to their media pHs [63] .
e authors showed a shift of the isoelectric point at low pH values and a positive charge was evidenced at low pH, with negative charge at high pH. In the case of HeLa cells, a study by Warren and Payne found that nanoparticles do not permeabilize the membrane but allow depolarization by increasing potassium channels, which leads to stabilization of the resting membrane potential [64] . In the present study, di erent responses in the studied cell lines suggest that intrinsic di erences a ect the uptake and internalization of nanoparticles. Cell culture components (media and serum) a ect nanoparticles and cause aggregation, which might a ect the intracellular behavior of NPs but not necessarily inhibit their e ect [63] . is is due to the fact that NPs cellular uptake is always mediated by a biocorona, which a ects NPs biodistribution, activation, and interaction with cell surface receptors. As reported by Asharani et al., NPs size a ects binding and activation of membrane receptors and gene expression in cancer cell lines [42] .
Although AgNPs cytotoxicity has been found in several studies [14, [66] [67] [68] [69] , the molecular mechanisms involved are not completely understood [16] . AgNPs may trigger oxidative stress by reactive oxygen species (ROS) production [70, 71] causing a variety of intracellular responses and alterations in antioxidant systems [72] , which nally could lead to apoptosis or necrosis [73] .
Recent studies have reported a remarkable increase in expression levels of GST in di erent in vitro [16] [31] and in vivo [74, 75] models treated with AgNPs, showing that GST is an important factor to balance intracellular oxidative status [76] . We found, however, that exposure to biosynthesized AgNPs did not elicit statistically signi cant variations in gene expression in treated cancer cells after 48 hours of incubation/exposure.
is lack of response regarding GST expression might be explained by the presence of bioactive compounds that may counteract the formation of intracellular free radicals. It has been previously reported by Owolabi et al. [77] that phytochemicals such as quercetin have strong antioxidant activity in extracts from P. americana leaves. Alva et al. [27] found that G. neuberthii fruit contains monounsaturated and polyunsaturated fatty acids, which are known for their capacity to scavenge free radicals, for example, superoxide [78] . However, further experiments are required to con rm the presence of antioxidants in the nanoparticles and inside the cells.
An analysis of the expression levels of genes coding for detoxifying enzymes by Aueviriyavit et al. [79] found that GSTexpression levels remained unchanged after Caco-2 cells were exposed to AgNPs, despite the fact that expression levels of other stress-responsive genes were signi cantly a ected. Kumaran et al. [31] found that GST expression in MCF-7 cells became altered after 24 hours of exposure to NPs rather than 48 hours. is phenomenon was explained by a higher NPs: cell ratio at 24 hours in comparison with the proliferation rate at 48 hours, where intracellular amounts of NPs decrease, resulting in less cytotoxicity.
Another interesting study showed that a possible mechanism of death induced by NPs in cell lines is p53-mediated apoptosis, mechanism that depends, among other things, on the size of the nanomaterial studied [80] [81] [82] . Blanco et al. suggested that p53 expression might be downregulated when smaller NPs and longer incubation times are assayed [14] . In the present study, p53 gene expression decreased signi cantly at di erent concentrations after 48 hours of incubation with G. neuberthii and P. americana AgNPs (around 40 nm in diameter), which is in agreement with the study by Blanco et al. We found that P. americana AgNPs induced a statistically signi cant p53 downregulation after 48 brain cancer cells (U251) after exposure to AgNPs [83] . Zhang et al. [65] found that AgNPs (400μg/ml) in several cancer cell lines induced downregulation of p53 expression and cell cycle arrest at S/G2/M phases. In our study, HeLa cells line showed a p53 significant downregulation at 25 μM and 100 μM. However, at any concentration, relevant toxicity was absent.
is finding might be explained by the role of p53 as a crucial regulator of cell proliferation and genome stability. p53 induces the expression of p21 transcription factor in presence of stress signals in order to trigger cell cycle arrest and senescence [36] . In primary tumors, however, p53 might be mutated with inhibition of its normal function as a result or might become degraded by ubiquitin-protein ligase targeting. Engeland found that p53 activation leads to cell cycle arrest by the p53-DREAM pathway.
is network involves the downregulation of several genes including the major checkpoint p53 [37] A correlation between mRNA p53 levels and cell viability was found in a study by Kovács and collaborators. e authors found a decrease in osteosarcoma U-2 OS cell viability when they were treated with AgNPs, with p53 significantly upregulated [15] . However, there are other primary mechanisms that are involved in apoptosis triggering, for example, mitochondrial stress. Our findings are in agreement with Kovács' study, as we observed a downregulation of p53 gene while cell viability was not significantly affected, thus supporting the notion that p53 downregulation might induce proliferation arrest.
In summary, MCF-7 cells underwent cycle arrest when exposed to our biosynthesized AgNPs, while HeLa cells were not affected. is finding might be of use when designing novel therapeutic strategies in cancer, specifically in breast cancer.
Conclusions
In the present study, we tested the cytotoxic/antiproliferative effect of biosynthesized AgNPs from P. americana and G. neuberthii on MCF-7 and HeLa cell lines. Expression of p53 and GST genes was also assessed for NPs' apoptosis triggering and oxidative stress modulation properties, respectively. Biosynthesized AgNPs were toxic in a concentration-dependent manner on MCF-7 cells but not on HeLa cells. GST expression was not affected, while p53 was downregulated in treated MCF-7 cells. Our findings demonstrate a net cytotoxic effect of both AgNPs on MCF-7 cells with a possible small apoptotic population and a large cell population going into proliferation arrest. While there is a clear need of mechanistic studies on the above cell responses, synthesized AgNPs might be useful when designing future therapeutic applications in breast cancer.
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